abstract -Objective: To determine the causes of early shunt complications in 46 children with hydrocephalus. Method: A retrospective study was conducted on 46 children submitted to ventriculoperitoneal shunt surgery between February 2005 and February 2007. Results: Thirteen (28%) patients presented complications, which were due to infection in 9 (69%) and to malfunction of the shunt system in 4 (31%).The mean number of surgical procedures performed on patients who presented complications was 2.8 per patient, with a total of 46 surgeries in this group. All patients with infectious complications were identified during their hospital stay. Conclusions: Infection was the most common complication. The infection rate was proportional to the length of hospital stay. All patients with hydrocephalus due to tumors or myelomeningocele presented complications. A higher incidence of infections was observed in children older than 2 years.
since the 1950s, shunt systems including ventriculoperitoneal (vP) and ventriculoatrial (vA) have been effectively used for the surgical treatment of hydrocephalus. The main complication of this type of treatment is infection, which can cause severe complications such as cognitive and neurological deficits. There are several risk factors that contribute to the development of vP shunt infections, such as secondary hydrocephalus, premature baby, a history of meningitis, lack of experience of the surgical team, prolonged duration of surgery, presence of a cerebrospinal fluid (csF) fistula, scalp necrosis, and perforation or infection of abdominal viscera, among others.
The main causative agents of shunt infections are Staphylococcus epidermidis (52.8 to 88.9%), Staphylococcus aureus (12 to 40%), Gram-negative bacilli (9 to 22%), enterobacteria, Klebsiella pneumoniae, and Pseudomonas aeruginosa 1 . Another important cause of complications is dysfunc-shunt complications in hydrocephaly Braga et al. tion of the hydrocephalus valve. obstruction of the proximal catheter is the main mechanism responsible for a malfunctioning shunt. In this respect, obstruction with choroid plexus fragments, debris and intraventricular glial tissue and inadequate insertion of the proximal catheter inside the cerebral parenchyma or at the border of the ventricular wall contribute to inadequate csF drainage 1 . vP shunt infection rates range from 0 to 31.4%, with a mean of 10 to 15%
1 . vP shunt procedures present higher complication rates than endoscopic third ventriculostomy, but the latter is mainly indicated in selected cases of obstruction of the sylvian aqueduct or of the fourth ventricle.
The objective of the present study was to determine the causes of early shunt complications in 46 children with hydrocephalus. The following data were obtained from the records of children with history of hydrocephalus, vPs, external ventricular drain, meningitis, and ventriculitis: cause of hydrocephalus, days of postoperative hospitalization, csF analysis, date of surgery, age, and gender. Infection and shunt dysfunction were classified as complications. Infection was defined as the presence of postoperative fever and leukocytosis and neutrophilia in blood and csF.
All children were submitted to postoperative cranial computed tomography (cT). Patients older than 13 years were excluded. data of patients followed up for one month after surgery were included in the study. The sample consisted of two cases of vA shunts and 44 cases of vP shunts.
The variables are reported as absolute and relative frequencies and as the mean and standard deviation. The results were analyzed using the chi-square test (c 2 ), Fisher' s exact test and relative risk. The 95% confidence limits were calculated using the epi-Info 2004 program.
rEsults
The study population consisted of 46 patients ranging in age from 0 to 13 years. The distribution of the patients according to age is shown in Table 1 .
A total of 98 surgical procedures were performed, corresponding to 1.5 surgeries per patient.
shunt complications were observed in 13 (28%) of the 46 patients, including dysfunction in four (31%) and infection in nine (69%). signs and symptoms of infection are shown in Table 2 . Among the four cases of shunt dysfunction, one (25%) was caused by malfunction of the system and three (75%) were due to poor placement of the proximal catheter.
Analysis of the relationship between age and complications showed a significantly higher rate of infection (p=0.001) among children older than 2 years (Table 3) , a finding that is in contrast to literature data 2, 3 . complications were more frequent among patients with primary hydrocephalus (8/13, 61%). hydrocephalus secondary to a tumor or myelomeningocele was responsible for complications in five (38.46%) of the 13 patients with shunt complications. however, this result was inverted when we analyzed the number of complications in relation to the total number of patients. Forty-one of the (Table 4) . complications were observed in all patients who were hospitalized for 15 days or more, with the diagnosis of complications being made, on average, at 9.3 days.
discussion
Infection is the main immediate postoperative complication observed in patients submitted to vP shunting. An infection rate of 19.5% was found in the present study. This value is high but is still within the rates reported in the literature which range from 3 to 30% 2, 3 . If patients with myelomeningocele and brain tumors were excluded from the present sample, the infection rate falls to about 10%.
Infection rates are much higher in these patients than in those with congenital hydrocephalus because the former normally require a longer period of hospitalization and many of them develop other clinical complications such as pneumonia and urinary infection which markedly increase the risk of vP shunt infections 2, 3 . According to the literature, 70 to 80% of shunt infections occur within the first postoperative month and 15% occur from the first to the ninth postoperative month 4 . lima et al. 4 reported a surgical infection rate of 27.6% (16/58) per surgical procedure and of 32% (16/50) per patient, with about 80% of cases being diagnosed within the first postoperative month. since the present patients were only studied for a short period of time, our infection rate is probably higher than reported in that study 3 . however, in view of the difficulties encountered at Brazilian public hospitals and considering a value of 10% observed in patients with primary hydrocephalus, this rate is within an acceptable, although not ideal, limit 5 . studies on this subject are scarce in the Brazilian literature. In a search of the Bireme and lIlAcs databases, we found six series conducted at Brazilian public hospitals. All series shown in Table 5 report infection rates higher than 10%, reaching a rate of 45%. These figures are a matter of concern and have been poorly discussed [6] [7] [8] [9] [10] . In the present study, all patients who were hospitalized for more than 15 days developed infectious complications of the shunt system . despite the small sample size, our results suggest that the duration of hospitalization is associated with vPs infection by increasing the possibility of bacterial colonization. In a recent study, Thompson et al. 11 suggested that, in contrast to common views, the time of susceptibility to infection extends much beyond the time of surgery. In fact, most pathogenic agents responsible for infection were not only isolated from the surgical field but also during exposure and cleaning of the surgical wound. This reinforces the need to reduce the duration of hospitalization and to maintain special surgical wound care 11 . some investigators 5, 12 have reported an important association between child's age of less than 6 months and infection of the shunt system, whose frequency was 2.6 times higher than in children older than one year. other studies did not find differences in the infection rate between different children' s ages 13 . An increased risk of infection was only demonstrated among premature children 5 . In contrast to the literature, we observed a greater predominance of complications in the age group of 2 to 7 years.
In a prospective study, Kulkarni et al. 5 identified three basic risk factors for vPs infections: presence of a csF fistula, excessive contact with the prothesis, and child's age. The authors suggested the simultaneous use of double gloves to reduce the risk related to shunt manipulation.
In the present study, the frequency of shunt dysfunction was 8.7%. we found no articles reporting the rate of shunt dysfunction only during the immediate postoperative period. The rate of late dysfunction has been shown to be high, reaching 40% within 2 years 3 . Gupta et al.
14 demonstrated that patients who had shunts for more than 10 years presented a system malfunction rate of about 80%. of these, 54% were submitted to four or more changes of the shunt system. other less frequent types of complications such as excessive drainage, cysts and abscesses 3, 15, 16 were not ob- served in the present investigation, probably because of the short study period. In a large retrospective study comprising all patients operated upon in california between 1990 and 2000, the rate of vPs complications reached 46.4% during the period 16 . we emphasize the need to reduce the frequency of vPs infections at our service and to investigate possible risk factors in a controlled prospective study.
The frequency of shunt infections is associated with the experience of the surgeon 10, 16 . In a study comparing the rate of vPs infections during different periods of the year in canada, Kestle et al. 17 observed an increased trend of infections after the arrival of new residents, but the difference was not significant. choux et al. 18 demonstrated that preoperative measures such as a better selection of indications, adequate skin preparation with disinfecting baths and a standardized surgical technique drastically reduce the level of infection. Using a similar protocol, Mottolese et al. 19 also significantly reduced the rate of infection. however, subsequent studies were unable to reproduce these results. Antibiotic-impregnated shunts or different shunt systems have not improved the rates of complication 20 . costa and Maitrot 20 , using 77 vPs from four different manufacturers in France, did not observe significant differences in infection rates compared to the rates reported in other european studies (Figure) In conclusion, infection was the most common early shunt complication in patients with hydrocephalus, with the infection rate being proportional to the length of hospital stay. All patients with hydrocephalus secondary to tumors or myelomeningocele developed infections, a fact demonstrating that associated comorbidities are important risk factors. The high infection rate observed is compatible with other Brazilian studies and is much higher than that desired. Further efforts are necessary to identify the causes and to establish measures to reduce these rates. 
